Purpose Circulating TGF-β1 levels were found to be a predictor of delayed bone healing and non-union. We therefore aimed to investigate some factors that can influence the expression of TGF-β1. The correlation between the expression of TGF-β1 and the different socio-demographic parameters was analysed. Methods Fifty-one patients with long bone fractures were included in the study and divided into different groups according to their age, gender, cigarette smoking status, diabetes mellitus and regular alcohol intake. TGF-β1 levels were analysed in patient's serum and different groups were retrospectively compared. Results Significantly lower TFG-β1 serum concentrations were observed in non-smokers compared to smokers at week 8 after surgery. Significantly higher concentrations were found in male patients compared to females at week 24. Younger patients had significantly higher concentrations at week 24 after surgery compared to older patients. Concentrations were significantly higher in patients without diabetes compared to those with diabetes at six weeks after surgery. Patients with chronic alcohol abuse had significantly higher concentrations compared to those patients without chronic alcohol abuse. Conclusion TGF-β1 serum concentrations vary depending upon smoking status, age, gender, diabetes mellitus and chronic alcohol abuse at different times and therefore do not seem to be a reliable predictive marker as a single-pointin-time measurement for fracture healing.
Introduction
Despite new concepts in fracture treatment, long bone fractures are at risk of poor fracture healing with a rate of nonunion ranging from 10 to 30 % [1] [2] [3] [4] [5] [6] [7] . Detection of delayedor non-union at the earliest time point is of crucial importance for the implementation of early therapeutic interventions. Currently, early diagnosis of bone healing disturbance is only based on the patient's symptoms, such as exercise pain. However, clinical criteria alone are imprecise for the early detection of delayed union. Examination of a tissue sample by callus biopsy can diagnose delayed union, but this procedure is invasive and unethical. An ideal marker of fracture healing should have the properties of being quick, easy and non-invasively obtainable, able to be repeatedly measured, and both sensitive and specific. Serological markers would best fit these criteria and could complement clinical features for more accurate and rapid recognition of delayed or non-union.
Evidence exists that the local and systemic concentrations of different osteogenic growth factors are increased during fracture healing [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Among these factors TGF-β1 is known to be pivotal for the bone healing. In a recent study our group demonstrated a significant increase in the TGF-β1 concentration in fracture haematoma and in serum of patients with long bone fracture. These results indicated the importance of this cytokine for fracture healing and confirmed other clinical and experimental studies [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Circulating TGF-β1 levels were found to be a predictor of delayed bone healing and non-union [11] . However, the reliability of TGF-β1 as a marker of the fracture healing is unexplored. An ideal marker of bone healing must reflect the status of bone healing and is not influenced by any other factor. Influencing the expression of systemic growth factors that are not directly related to the fracture healing would weaken the validity of the marker. The aim of this study was to find out if the expression of TGF-β1 after fracture of long bones is solely influenced by the healing process. We therefore analysed the correlation between the expression of TGF-β1 and the sociodemographic differences such as age and gender. We further analysed the correlation between the expression of TGF-β1 differences in patient's habits such as cigarette smoking, chronic alcohol consumption and the existence of diabetes mellitus.
Patients and methods
This study was approved by the Ethics Committee of the Medical University of Vienna and conducted in accordance with the declaration of Helsinki. Patients gave informed written consent to be enrolled in the study, and were 18-90 years old. The recruitment parameters, sample collection schedule, matching process, patient demographics and exclusion criteria of this study have been previously published in detail [8] [9] [10] . In brief, between 2006 and 2008 a consecutive series of 113 patients with meta-/ diaphyseal fractures of long bone (humerus, femur, lower leg and forearm) and surgical treatment were included. In order to have a homogenous study group and due to the strict selection criteria 67 patients with incomplete data were excluded from further investigation. Finally the data of 51 patients were analysed. Patient's serum was collected following a standardised time schedule. TGF-β1 levels were then measured in patient's serum. Patient's history with special focus on cigarette smoking, diabetes mellitus and regular alcohol intake were recorded. All patients were followed-up for at least six months after the operation. Follow-up examination was based on clinical and radiological examination at one, two, four, six, eight, 12, and 24 weeks after trauma. A total of 22 male and 29 female patients formed the study population. Mean age of the patients was 59.3 years (range 17-90). Mean serum TGF-β1 level was respectively evaluated dependant on whether patients were smokers or non-smokers, male or female, young or old. Moreover, TGF-β1 levels were respectively evaluated in patients with and without diabetes mellitus and in patients with or without chronic alcohol abuse. Smoking status was defined based on selfreported daily cigarette consumption (more than five cigarettes/day). Smokers consuming fewer than five cigarettes per day were not enlisted. Patients below 50 were considered as "young" and those over 50 years as "old".
Chronic use of alcohol was defined based on the selfreported daily alcohol intake in combination with pathological liver parameters. Diabetics were those patients who required oral anti-diabetics or insulin therapy.
Blood samples
Peripheral venous blood was obtained from each patient at one, two, four, six, eight, 12 and 24 weeks after surgery and stored at -80°C until analysis. Haematoma was removed manually before any manipulation or irrigation, avoiding contamination by blood in the operating field, and placed in sterile containers. These specimens were centrifuged immediately and the resulting supernatant was stored at −80°C until assayed.
Measurement of TGF-β1
TGF-β1 concentrations were measured by a commercially available antibody (Quantikine, RD Systems, Minneapolis, MN, USA) in enzyme-linked immunosorbent assay (ELISA). All analytical steps were performed according to the manufacturer's recommended protocol. The TGF-β1 assay detects specifically the biologically active form of the protein. Concentrations are presented as mean of duplicate measurements. To avoid inter-assay variability, samples of the corresponding matching partner were analysed with the same assay. The comparison of the measurements using different kits for the same time points of the study measurements indicates the low range of variability of the assays.
Statistical analysis
Comparisons between groups of continuous variables were performed by nonparametric Mann-Whitney U-test. Spearman's correlation coefficient (young, old, male, female, smoker, non-smoker, DM, no-DM, alcohol, no-alcohol) and test were used to examine the relationship between the variables: young, old, male, female, smoker, non-smoker, DM, no-DM, alcohol, no-alcohol. Statistical analyses were performed using SPSS for Windows 17.0. Data are presented as means±SEM (standard error of the mean). The statistical significance level was set at p<0.05.
Results

Cigarette smoking and growth factor expression
Significantly lower TFG-β1 serum concentration (28,765± 22,73.1 pg/ml) was observed in non-smokers compared to smokers (36,650.8±1,352.7 pg/ml) at week eight after surgery (p00.02). Non-smokers also had a lower overall serum concentration (30,204 ±928.8 pg/ml) than patients who smoked (31291.5±1498.9 pg/ml). However, there was no statistically significant difference of the overall serum TFG-β1 concentrations between both groups (p00.37) (Fig. 1) .
Gender and growth factor expression Gender specific differences of the TGF-β1 expression were observed at week 24 after surgery. At this time point mean TGF-β1 serum concentrations were significantly higher in males (34, 765 .4±2,988.5 pg/ml) than in females (24,127± 2,029.2 pg/ml) (p00.008). However, the mean overall TGF-β1 serum concentrations did not significantly differ between both groups (Fig. 2) .
Age and growth factor expression Mean TGF-β1 concentrations differed significantly between younger and older patients. TGF-β1 serum concentrations were found to be higher in younger patients (40, 658 .1± 3,529.9 pg/ml) compared to the older ones (28,297 ± 1,588.2 pg/ml) at 24 weeks after surgery (p00.008). No significant differences in the overall concentrations between young and old patients were observed (Fig. 3) .
Diabetes mellitus and growth factor expression TGF-β1 serum concentrations were higher in patients without diabetes (31,216.8±2,046.8 pg/ml) compared to those with diabetes (18,429±4,709.5 pg/ml) at six weeks after surgery (p 0 0 0.014). However, there were no significant differences in the overall concentrations between patients with and without diabetes mellitus (Fig. 4) .
Chronic alcohol abuse and growth factor expression Patients with chronic alcohol abuse had significantly higher TGF-β1 serum levels (38,495±4,607.4 pg/ml) compared to those patients without chronic alcohol abuse (26,752.2± 2,042.8 pg/ml) at 24 weeks after surgery (p00.04). Mean overall TGF-β1 serum concentration was also higher in patients with chronic alcohol abuse (33,855.7 ±2,051.4 pg/ml) than in those without chronic alcohol abuse (29,979±851.4 pg/ml). However, this difference was not significant (p00.06) (Fig. 5) .
Discussion
This study demonstrates alterations of the post traumatic TGF-β1 serum level dependent on age, gender, cigarette smoking, diabetes mellitus and chronic alcohol abuse in patients with long bone fractures. Our data show that smoking significantly increases the expression of TGF-β1 in the eighth post traumatic week. These results are in conflict with another study reporting an increase of TGF-β1 serum concentrations in non-smokers [18] . However, that study has a major limitation since only 28 patients were reported. In our study lower overall TGF-β1 concentration was observed in non-smokers. In a recently published study the expression of TGF-β1, BMP-2, PDGFAA and VEGF have been shown to be inhibited by nicotine at high concentrations, but with no significant difference at low concentration in rabbits. Moreover, nicotine suppressed osteoblast proliferation and inhibited the expression of some key osteogenic and angiogenic mediators [19] . In another experimental study the expression of TGF-β1, PDGF-A and FGF in rabbits was inhibited by nicotine resulting in compromised bone regeneration [20] . Giorgetti et al [13] analysed the expression of alkaline phosphatase, bone morphogenetic proteins (BMP)-2 and -7, receptor activator of nuclear factor-B ligand, and osteoprotegerin in rats that were exposed to cigarette smoke and those that were not. They found a trend toward the down regulation of BMP-2 and ALP and the up-regulation of the RANKL/OPG ratio for exposed animals. Cigarette smoking resulted in a significant increase of BMP-7 in rats that were exposed to smoke. Since it is known that TGF-β1 intensifies the effect of the BMPs [14, 15] , it is conceivable that the high expression of BMP-7 in the smoke-exposed animals is caused by a high expression of TGF-β1 as shown in our study. Nicotine in high doses is directly toxic to proliferating osteoblasts although low-dose nicotine may be stimulatory [21] . In an in vivo experiment, tobacco extract which did not contain nicotine significantly reduced the mechanical strength of healing femoral fractures in rats, while nicotine alone did not affect the mechanical properties [22] . Other studies have reported that nicotine stimulates osteoblastic proliferation, ALP activity, collagen and protein synthesis, and mineralization of the osteoblastic cells [16, 23] . Higher levels of TGF-β1 in smoker's serum as found in our patients suggest the stimulating effect of nicotine on the osteoblasts. However, the mechanism, by which TGF-β1 is elevated in smokers, cannot be explained from our data. Another issue addressed in our study was the possible gender specific alteration of the TGF-β1 expression during fracture healing. In a study with 1,133 patients, female sex was identified as a major risk factor for compromised fracture healing [24] . This was confirmed by other studies [25] [26] [27] . However, the cellular or molecular reasons for the sex-specific differences in fracture healing remain elusive. In our study TGF-β1 serum concentrations differed significantly at the 24th post traumatic week between both sexes. In accordance with other reported results male patients had higher levels of TGF-β1 compared to female patients [28] [29] [30] [31] . In a previous study, a diminished number of nucleated cells from human iliac crest aspirates were observed for both sexes with increasing age. However, the number of osteoblasts per aspirate decreased with increasing age in the female group but was constant in males [28] . In Fig. 2 TGF-β1 serum concentrations (mean ± SEM) in male and female patients after long bone fracture. The asterisk indicates a significant difference in TGF-β1 concentrations (p00.008) Fig. 3 TGF-β1 serum concentrations (mean ± SEM) in patients younger and older than 50 years after long bone fracture. The asterisk indicates a significant difference in TGF-β1 concentrations (p00.008) addition, testosterone has been reported to increase TGF-β1 production in human osteoblastic cells [29] . Higher testosterone in male patients could explain the increased TGF-β1 expression in these patients, and higher TGF-β1 levels explain the higher number of osteoblasts. We further investigated whether age can influence the expression of TGF-β1 in patients after fracture of long bones. Evidence exists that increasing age leads to the diminution of fracture healing in animals and humans. Studies of fracture healing in rats have shown that the formation of cartilage and bone, and cartilage resorption were delayed in elderly animals [32] . There was evidence that accretion of mineral into the callus was reduced in elderly animals [33, 34] . Lu et al. reported agerelated changes in fracture healing in rats [35] . Street et al. found that angiogenesis at the fracture site and the response of growth factor to fracture in the elderly human was preserved [36] . Moreover, age was considered as factor for non-union after internal fixation of femoral neck fractures and clavicular non-union [37, 38] . In addition, the amount of TGF-β in cortical bone was found to decrease with age [31] . In our study TGF-β1 concentrations differed significantly between younger and older patients. As expected the concentrations were found to be higher in younger patients compared to the older ones at 24 weeks after surgery. These data confirm the results of the above-mentioned studies. It seems that the decrease of TGF-β1 expression in older patients is one of the reasons for the slowing in the process of repair.
Another aim of our study was to examine if diabetes mellitus has an influence on the expression of TGF-β1 in patients with long bone fracture. The effect of diabetes mellitus on fracture healing has been evaluated in various experimental models. Diabetic rats with bone fracture showed a 29 % decrease in tensile strength and a 50 % decrease in stiffness of the callus after two weeks of healing, compared with the controls [39] . In the same study the tensile strength and stiffness of the callus recovered in those diabetic animals that were treated with insulin. Other animal studies showed reduced cellular proliferation, reduced osteoblast activity and reduced collagen synthesis and content in the diabetic compared with control animals [40] [41] [42] . Clinical studies have demonstrated a significantly higher incidence of delayed union, non-union, and a doubling of the consolidation time of the fracture in diabetic compared with non-diabetic patients [43] [44] [45] . Evidence exists that some of the influences of diabetes on fracture repair are related to the inhibition of growth factors, although the underlying mechanism is largely unknown. It has been postulated that in diabetes there is reduced cell proliferation in the early phase of fracture healing as a result of decreased expression of platelet-derived growth factor [46] . The levels of TGF-β1 and other growth factors (IGF-1, VEGF) have also been shown to be significantly reduced in diabetic animals [47] . We observed significantly lower TGF-β1 serum concentrations in patients with diabetes mellitus in the sixth posttraumatic week. These clinical results correlate with the results of the experimental data of the previous studies for the first time.
The last aspect that was evaluated in the present study was the possible effect of chronic alcohol abuse on the systemic levels of TGF-β1 during fracture healing. Alcohol abuse can diminish levels of vitamin D metabolites and decrease levels of serum osteocalcin causing a suppression of osteoblasts, and can even cause hypocalcemia and hypocalciuria. These alterations affect bone healing [48] . Insufficient nutrition is an important physiological aspect of patients reporting alcohol abuse [49, 50] , altering hemostasis and slowing bone repair [51] , which ultimately exerts varying effects on the results of fracture treatment. Alcoholics experience not only an increased incidence of fractures from falls, but also delays in healing compared with non-alcoholics. In fracture healing, the effect of alcohol is to suppress synthesis of an ossifiable matrix, possibly because of inhibition of cell proliferation and poor differentiation of mesenchymal cells in the repair tissue. Alcohol has been shown to have an anti proliferative and inhibitive effect on osteoblastic cells in vitro and in vivo [52] [53] [54] [55] . In our study significantly higher TGF-β1 serum concentrations were observed in alcoholics at the 24th week after trauma. In addition, overall TGF-β1 serum concentration was higher in patients with chronic alcohol consumption. Elevated TGF-β1 serum concentrations in alcoholic patients could be a response to the low number of the osteoblasts and body's response to stimulate osteoblastic activity that has been suppressed by alcoholic consumption.
In summary, the overall trends showed no statistically significant difference between the groups. However, at various time points, there were statistically significant differences in all of the control groups. The major limitation of this study is the low number of patients. Nevertheless, to our knowledge, this is the first study to investigate the effect of age, gender, diabetes mellitus and chronic alcohol abuse on the TGF-β1 expression after long bone fracture. Although the overall TGF-ß1 concentration is not significantly influenced by exogenous, endogenous, socio-demographical and patient specific factors, these factors still can significantly influence the TGF-ß1 expression at various time points. TGF-β1 serum concentrations vary dependent upon smoking status, age, gender, diabetes mellitus and chronic alcohol abuse at different time points. One cannot exclude the possibility that the expression of TGF-β1 in serum is influenced by various other factors than the factors investigated in this study.
